21 Less risk, less waste More information on PSI's energy and environmental research is available at http://psi.ch/Tp1P
Fuel cells as clean drive systems for cars could make our future mobility more environmentally friendly. PSI researchers are conducting laboratory tests in an attempt to understand the mechanisms that cause ageing in fuel cells with a view to developing possible solutions.
Biomass -a dormant energy treasure trove
A lot of energy is concealed in biomass -energy that is renewable, climateneutral and practically obtainable all over the world. For many countries, the use of this energy would therefore be a major step towards energy independence. In Switzerland, biomass is the second most important renewable energy source after hydropower and, used sustainably, has the potential to make a key contribution towards the country's energy supply. From electricity to gas to electricity: with the likely development of the new renewable energies, the power grids could be overloaded at times. Suitable storage systems are required to prevent this and save the surplus electricity production from the daytime or summer for the night-time or winter. The conversion of surplus electricity into a gas that is easy to store and transport, such as hydrogen or methane, is one possible solution -a storage concept referred to as "power to gas". The gases can be converted back into electricity as and when needed in gas power stations or fuel cells. The conversion into methane costs more energy than into hydrogen because more conversion steps are needed. In return, however, methane could offer a good solution in the short to medium term as it can be fed into the well-developed gas grid. This advantage of methane could make up for or even outweigh its drawback of larger energy losses compared to hydrogen. The diagram displays three alternatives for the realisation of the power-to-gas concept. It shows the efficiency levels, i.e. the proportion of the initial energy still available after the conversion from electricity to gas and back again. with an explosive gas mixture. Furthermore, the second reaction only takes place the moment the hydrogen is required -which means that no hydrogen gas needs to be stored or transported.
Gas from the forest
Once hydrogen has been produced, the solar production of syngas is only one step away. Syngas is a mixture of hydrogen and carbon monoxide that is converted into liquid fuel using wellknown chemical processes. This fuel can be filled up at existing service stations like conventional petrol.
At the anode Water (H2O) is broken down into oxygen molecules (O2), protons (H + ) and electrons (e -) with the aid of a catalyst located at the boundary layer between the anode and the membrane.
The gaseous oxygen (O2) rises and is stored in an oxygen tank.
The protons (H + ) move through the PEM membrane and reach the cathode.
The electrons (e -) flow into power source as electricity.
At the cathode The electrons flow from the power source to the electrolyser's cathode (here a photovoltaic cell) as electricity.
With the aid of a catalyst located at the boundary layer between the cathode and the membrane, the electrons (e -) from the power source combine with the protons (H + ) that have di used through the PEM membrane to form hydrogen molecules (H2).
The gaseous hydrogen (H2) rises and is stored in a hydrogen tank. 
How the PEM electrolysis cell works

Electrochemical reactions
Electrolysis: how the PEM electrolyser works. PEM stands for polymer electrolyte membrane, i.e. the membrane that separates electrodes in the electrolyser, allows hydrogen ions to pass through and prevents the gases from mixing. Hydrogen and oxygen are obtained from water in the PEM electrolyser with the aid of an electric current. As hydrogen can be stored or processed into methane, water electrolysis constitutes a good option for the temporary storage of surplus electricity -such as from solar and wind power. The hydrogen or methane can then be converted back into electricity or heat as and when required. 
Batteries -takeaway energy
Storage competence centre
The federal government's competence centre on the topic of energy storage has been located at the Paul Scherrer Institute since the beginning of 2014. PSI runs the competence centre, in which other research institutions and industrial partners are also involved, with its Electrochemistry Laboratory. The centre's work is divided into five packages, in three of which (advanced batteries and battery materials, hydrogen production and storage, and catalytic and electrocatalytic CO2 reduction) PSI teams play a decisive role. The other two work packages are concerned with heat storage and the interaction between the various storage technologies.
Mobility without smoke trail
It is impossible to imagine our modern world without the need for individual mobility. Burning diesel or petrol in car engines, however, affects the air quality in cities and can have undesirable consequences for the global climate. 
Customised catalysts
Catalysis research at PSI ultimately aims to produce catalysts that are tailored for application. Large research facilities, such as the X-ray free-electron laser SwissFEL, will bring this aim a major step closer, as the ultra-rapid processes that play a key role in catal- And combustion engines will also accompany us in the transport sector for many years to come.
At PSI, researchers and engineers are working to make combustion processes more efficient and environmentally friendly. In the EU project "H2-IGCC", for instance, they are helping to develop gas turbines powered by a hydrogen-rich fuel mixture. In these turbines, it is therefore not only natural gas usually takes place in large water tanks.
Researchers from PSI have developed and patented a special method, which enables the radioactive iodine produced in large quantities during such accidents to be kept down to a fraction of one thousandth by adding certain chemicals.
Humans as a risk factor
Another research group at PSI is con- Hot Laboratory: irradiated fuel rods from Swiss nuclear power plants have been studied extensively in hot cells and other test stations in PSI's Hot Laboratory for many years. These tests help to spot damage to the fuel rods early and prevent it. The fuel rods go through a one-and-half-year series of tests, which ultimately yields key insights into changes in their material and geometric properties when exposed to radiation. This knowledge can be used to improve the design of the fuel elements and especially the fuel rod cladding tubes.
Safely under lock and key
The The Paul Scherrer Institute PSI is a research institute for natural and engineering sciences, conducting cutting-edge research in the fields of matter and materials, energy and the environment and human health. By performing fundamental and applied research, we work on sustainable solutions for major challenges facing society, science and economy. PSI develops, constructs and operates complex large research facilities. Every year more than 2500 guest scientists from Switzerland and around the world come to us. Just like PSI's own researchers, they use our unique facilities to carry out experiments that are not possible anywhere else. PSI is committed to the training of future generations. Therefore about one quarter of our staff are post-docs, post-graduates or apprentices.
Altogether PSI employs 2100 people, thus being the largest research institute in Switzerland. 
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